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Ho-163 Electron Capture Decay 
163Ho + e- à 163Dy* + ν	
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How to design a Ho Experiment 
Ø Understanding the decay 

Ø Reaction Q-value 

Ø Tasks to address 
Ø Ho-163 Production 
Ø Source Deposition 
Ø Detector Performance 

 
Ø Current efforts 

Ø HOLMES 
Ø ECHO 
Ø NuMECS 

First Step ~1,000 detectors 
   < 1 eV/c2 sensitivity 

Scalable to 10,000-100,000 detectors 
<0.1 eV/c2 sensitivity  

~5 years 

~10 years 
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)LJXUH �� 3LOH�XS VSHFWUXP�

7DEOH �� ([SHULPHQWDO H[SRVXUH UHTXLUHG IRU YDULRXV WDUJHW VWDWLVWLFDO
VHQVLWLYLWLHV� ZLWK E = � DQG WZR GLffHUHQW VHWV RI GHWHFWRU SDUDPHWHUV�
&RQ¿JXUDWLRQ $ LV ZLWK ∆():+0= � H9� τ5 = � µV DQG $β = ����+]�
&RQ¿JXUDWLRQ % LV ZLWK ∆():+0= �.� H9� τ5 = �.� µV DQG $β =
�����+]�

4 WDUJHW VHQVLWLYLW\ H[SRVXUH 7 >GHWHFWRU×\HDU@
>H9@ >H9@ &RQI� $ &RQI� %
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PLFURFDORULPHWHU WHFKQRORJ\� WKH H[SHULPHQWDO H[SR�
VXUH LV ��� GHWHFWRU×\HDU ZKLFK� IRU H[DPSOH� FRXOG EH
DFKLHYHG PHDVXULQJ IRU �� \HDUV DUUD\V ZLWK D WRWDO RI
��� SL[HOV� 7KH XSSHU SDQHO FRQVLGHUV D PRUH DJJUHV�
VLYH FRQ¿JXUDWLRQ ZLWK D IDFWRU �� KLJKHU H[SRVXUH DQG
GHWHFWRUV ZLWK EHWWHU HQHUJ\ DQG WLPH UHVROXWLRQ�
7R FRQFOXGH� LQ 7DE� � ZH KDYH HYDOXDWHG WKH H[�

SHULPHQWDO H[SRVXUH UHTXLUHG WR UHDFK WDUJHW QHXWULQR
PDVV VWDWLVWLFDO VHQVLWLYLWLHV RI ���� ��� DQG ���� H9 IRU
WZR GLffHUHQW VHWV RI GHWHFWRU SDUDPHWHUV �FRPSDUDEOH WR
WKRVH LQ )LJ� �� DQG IRU WKH WZR H[WUHPHV RI WKH 4±YDOXH
UDQJH�
2Q D VKRUW WLPH VFDOH� D VPDOOHU VL]H SLORW H[SHULPHQW

PD\ EH FDUULHG RXW ZLWK WKH DLP RI WHVWLQJ WKH SRWHQWLDO
RI D +ROPLXP H[SHULPHQW� )LJ� � VKRZV WKH Pν VWDWLV�
WLFDO VHQVLWLYLW\ DFKLHYDEOH IRU WRWDO VWDWLVWLFV RI DERXW
�.� × ���� HYHQWV� XVLQJ GHWHFWRUV ZLWK DQ HQHUJ\ DQG
WLPH UHVROXWLRQ RI ��� H9 DQG � µV� UHVSHFWLYHO\� HDFK
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)LJXUH �� 3LORW H[SHULPHQW VHQVLWLYLW\�

ZLWK DQ ���+R DFWLYLW\ RI DERXW ��� GHFD\ SHU VHFRQG�
7KLV H[SRVXUH FRXOG EH REWDLQHG IRU H[DPSOH E\ UXQ�
QLQJ ���� GHWHFWRUV IRU DERXW � \HDUV� 7KH VHQVLYLWLHV
LQ )LJ� � KDYH EHHQ HVWLPDWHG IRU 4±YDOXHV LQ WKH ����±
���� H9 UDQJH DQG VSDQ IURP DERXW ��� WR DERXW ��� H9�

�� &RQFOXVLRQV

7KH DEVROXWH YDOXH RI WKH QHXWULQR PDVVHV LV QRW
\HW NQRZQ� 7KH PRVW VWULQJHQW XSSHU OLPLWV RQ WKHP
FRPH IURP H[SHULPHQWV RQ WULWLXP EHWD GHFD\ ZLWK
HOHFWURVWDWLF VSHFWURPHWHUV� WKH EHVW OLPLW RI VHQVLWLY�
LW\ WR ZKLFK WKLV WHFKQLTXH FDQ EH SXVKHG LQ WKH IX�
WXUH VHHPV WR EH ∼��� H9� DV LQ WKH .$75,1 H[SHUL�
PHQW >�@� $ FRPSOHWHO\ GLffHUHQW WHFKQLTXH XVLQJ FU\R�
JHQLF PLFURFDORULPHWHUV WR SHUIRUP D FDORULPHWULF H[�
SHULPHQW KDV EHHQ SURSRVHG DQG DSSOLHG LQ SLORW H[SHU�
LPHQWV PHDVXULQJ WKH EHWD GHFD\ RI WKH LVRWRSH ���5H�
ZKLFK KDV D YHU\ ORZ 4±YDOXH EXW DOVR D YHU\ ORQJ OLIH�
WLPH� DQG D ODUJH H[SHULPHQW� 0$5( >��@� ZLOO IROORZ
WKLV SDWK�
7KH WHFKQLTXH KDV LQ IDFW UHDFKHG D PDWXULW\ WKDW DO�

ORZV WR HQYLVDJH D IXOO VFDOH H[SHULPHQW LQ RUGHU WR UHDFK
DQ HYHQ EHWWHU VHQVLWLYLW\� ,Q WKLV SDSHU� ZH KDYH SUH�
VHQWHG WKH URDGPDS WR UHDFK WKLV JRDO LQ DQ FDORULPHWULF
H[SHULPHQW XVLQJ WKH HOHFWURQ FDSWXUH LQ ���+R � DQ LVR�
WRSH KDYLQJ VLPLODU 4±YDOXH EXW PXFK VKRUWHU OLIHWLPH �
WR REWDLQ D OLPLW RQ WKH HOHFWURQ QHXWULQR PDVV� IROORZ�
LQJ D VXJJHVWLRQ PDGH PDQ\ \HDUV DJR >��@� 7KLV SDSHU
VKRZV WKDW VXFK DQ H[SHULPHQW LV FOHDUO\ FKDOOHQJLQJ�
EXW GRDEOH� DQG ZH LGHQWL¿HG D FOHDU SDWK DQG WHFKQLFDO
VWHSV QHFHVVDU\ IRU LWV VXFFHVV�

�



 
 
•     Rise Time ~ 130 ns 
 
•     ΔEFWHM = 7.6 eV  @ 6 keV (2013) 
     ΔEFWHM = 2.4 eV  @ 0 keV (2014) 
 
•     Non-Linearity  < 1%  @ 6keV 
 
•  Synchronized measurement of 2 pixels 
 
•  Presently most precise 163Ho spectrum 

 

MII 

MI 

NII 

NI 

144Pm 

OI 

First calorimetric  
measurement of the OI-line  

EH 
bind. 

EH exp. ΓH lit.  ΓH exp 

MI 2.047 2.040 13.2 13.7 

MII 1.845 1.836 6.0 7.2 

NI 0.420 0.411 5.4 5.3 

NII 0.340 0.333 5.3 8.0 

OI 0.050 0.048 5.0 4.3 P. C.-O. Ranitzsch et al ., http://arxiv.org/abs/1409.0071v1) 
L. Gastaldo et al., Nucl. Inst. Meth. A, 711, 150-159 (2013) 

QEC = (2.843 ± 0.009stat - 0.06syst) keV 

ECHo:	  Calorimetric	  spectrum	  
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How to design a Ho Experiment 
Ø Understanding the decay 

Ø Reaction Q-value 

Ø Tasks to address 
Ø Ho-163 Production 
Ø Source Deposition 
Ø Detector Performance 

 
Ø Current efforts 

Ø HOLMES 
Ø ECHO 
Ø NuMECS 

First Step ~1,000 detectors 
   < 1 eV/c2 sensitivity 

Scalable to 10,000-100,000 detectors 
<0.1 eV/c2 sensitivity  

~5 years 

~10 years 



Ho-163 production and purification 

neutron activation in nuclear reactor of 162Er 
 [162Er(n,γ)163Er(75min)→163Ho] 

 
 
 
 
alpha particle bombardment of 165Ho target  

 [165Ho(4He,*)163Ho] 
 
 
 
 
proton bombardment of natural dysprosium  

 natDy(p, xn)163Ho  

HOLMES         ECHo         NuMECS 
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Grenoble, 
France 
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irradiation @ 
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reduce 

byproducts 
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Embedding the source in the absorber 

HOLMES: high-temperature vacuum reduction and distillation technique and is 
building a custom mass separator ion implanter 
 
ECHo: mass separation and ion implantation at ISOLDE (CERN) 
 
NuMECS: pico-liter deposition technology, surface chemistry and interface 
metallurgy  

Two issues to address: 
 
u Waste of radioactive material in the process (limited supply of 163Ho) 

u Effect of the source on the microcalorimeter performance  



Effect of Implanted Ho on thermal properties of absorber 
Implanted ion concentrations (cm-2) 

Samples Ho+ 

(180KeV ) 
Ho+ 

(250KeV) 
Er+ 

(180KeV) 
Er+ 

(250KeV) 

Au-I 

Au-II 4x1015 

Au-IV 4x1015 9.6x1015 

Au-VI 9.6x1015 

Au-1 4x1015 8x1015 

Au-2 8x1015 

Au-3 4x1015 8x1015 9.6x1015 1.9x1016 

Au-4 8x1015 1.9x1016 

Au-5 9.6x1015 1.9x1016 

Au-6 1.9x1016 
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Detector Development 

Detector technology: 
 
Transition Edge Sensors (TES) 
 
Magnetic Microcalorimeters (MM) 
 
Magnetic Penetration Thermometers 
(MPTs) 
 
Multiplexing: 
 
Time Domain 
 
Frequency Domain 
 
Microwave 
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Short term 
readiness 

Pile-up 
limited 

Maximum 
Count rate 
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Conclusions 
What is the ultimate reach of each approach, and on what timescale? 
ü  < 1 eV/c2 in the short term (~3-5 years) 
ü  < 0.1 eV/c2 in the longer term (~10 years) 
ü  No intrinsic limit to the sensitivity 
 
For experiments in the concept/proposal stage: what R&D is required to 
demonstrate the ultimate sensitivity? 
ü  Short term goals: source production and purification on large scale, embedding 

of Ho source, storage and data analysis 
ü  For long term goals, microwave multiplexing, MPTs, improvements on current 

techniques 
 
Are there any technological advances that can be leveraged to improve the 
sensitivity by another one or two orders of magnitude beyond KATRIN and on 
what timescale? 
Microcalorimeter detectors and multiplexing are developed for astrophysics and 
other fields 
 
Is availability of isotopes an issue? Maybe, but issue is being addressed 


